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(54) SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

(57)Abstract: C^) 
PROBLEM TO BE SOLVED: To provide the structure of 
a semiconductor device mixedly mounted with digital and 
analog circuits which can suppress the intrusion of noise 
from the digital circuit into the analog circuit in the 
device. 

SOLUTION: A semiconductor device has a constitution 
that a first well 20 and a second well 40, which are 
respectively formed independently, are provided in the 
surface layer in a semiconductor substrate 10; a digital 
circuit 30 is formed in the surface layer within the well 
20; and an analog circuit 60 is formed in the surface 
layer within the well 40. The device uses the high- 
resistance substrate 10 having a resistivity higher than 
1000 times than that of the well 20 as at least a 
semiconductor substrate. 
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m 2 ®^ 1 X -M/SUf» 2 2 -> X 

ltrgai^ 2 -i' x ^I'rt ct>«iBiB n j^bs s.nfc 7 ° ^la^i 
«rga*»#»«*«. ^i3i<t. ^m^m 1 x /u® 1 0 0 

1 X 1 0 ^ ® a t oms/cm3felT-C*» 
IS (w) '>ftc < i: 1 0. 6 «mWJi«inTV'.S8»* 

^ 1 A*?. 3 «Dv%rn*» 1 ^cesw*!)^***^^** 

1 <7 3t;i/tiirBBll2'>x;i/i:oiao«®®K:}^*S:s*xfe 
[i**«73 «riai!f-K'jy^^©g«a5fciisasgi'>x 

Xtf » 2 2 -i? X ;i' , 

«Iiari?^'^HilKi:«^lSa?&2'>x;V'.2:OP3®, tillB^l 
->x;v(^> 4,L< »8(riB»l't7x;i/i:irgBiP2'>x;i'i: 



Be 

[8S«« 1 2 3 6 6. 8 ©v%m*» 1 «e:8B« 

33 i»*]S6*>6 8®v%rn*'i«cie« 

ffiflB:*- K y V {f0>W}A<Olt^. 

* V K - 1? J^flR-r sxe i; S:*-r « r i: 

xe«:*-rsci:>s:4#ai:-rsw.««i 3i:iie«©*» 

nar i:*:«Fl9:i;i-'5l«*3^1 2 *^ b 1 4 <?>''^f n*» l 
Clli»©f^«B^f$ii»l 

[00 0 n 

C00023 

^•^(£3,:^ h{b©il*A*e>, «e*ttSiJ^©^y:?"^#JJ* 
S V^fc 7 P ^^lilJS i: ^' ^HaJS ^ '^-t 

[0 0 0 33 L.*»t, 7*S^^/HHliSi;T:^aj/[aKS:l^ 



10 0 0 4301 OA~01 0 (c) a, ^e*©?^!^^ 
/USB t T D i/|plfSS:«« t fci|t»*$gll<Z)«liS09* 

mmK.^tmm.ismm-ci>^^ 011 (a) ~ 

lai 1 (c) it. «l(ISK;iJ»*f*s^^'vHilKd»p.7:>- 

[0 0 0 53 BIl 0 (a) ti, pS/©3£K5 1 0 + k:J^ 
JSESnfcH— ©n-^i-rt/S 2 04" CrS'^'-'Hil^S 3 0 
trto jS'EllS 6 4 0 «r i: t K: J^jSt" ^^^(OWM^^ 

mmatf'i^^ JV^KS 3 0 i:T:^^^[5lK5 4 0©W 

[0 0 0 63 ;::c:-cv>-5A*- K«; yjs'fcJi. t'^^^'^HhI 
K*5>ain«y'f XSTRHK-rsA-iC, f»S?^'iHl(S5 
3 0i:T':'-a^^EllS6 4 0 ii^McaWe-nfeiiSii*^ 

[0 0 0 73 @1 1 (a) CiRf «fc-5K:, J^— 

^liliSS 3 Od^e)T:^a^^lHlK5 4 0-^©/''f X©itA 
tiffi«>T:*:SV^o ;!f- K y v^^S 5 0*it**:«-&»i, 
#fri^*ll*n« t»©©*«fc tt T:^ a ^^iaB^©jiA 

[0 0 0 83 01 0 (b) », pmo^ma^&us 1 2 

4» n 5 2 2 :te * •> X /U 6 6 2 4 •^JX'^nSft 

irC?gj«U -T^^^^yUHBSS 3 2%n«>iA'5 22rt 
t;, T^o^'-IIKS 4 2«:n 6 2F*]C^n-?n 

n'>a;W562rtCSP>Cp';?x^'572*?!^JSRL, 
2it:7:»-a!/lllK54 2*?^^^^LTV^5o :i©J:-5ti, 
T^D-/|5|KJ^j5jt«lSJC, pliiS«5 1 2/n'>*.^5 
6 2/p•i'x;^5 7 2*»e>*c<E.=fi«J&4i»Afct)©«: 

tr» 7*?;5';K5lgS5 3 2i:Ttai?'lHliS5 4 2©IRI©n 

•>x;i/5 2 2rtt;:3^fiS:$n«>. 
[0 0 0 93 «£*©^*#a£«5 1 2tt. ::^o-fe 
5C±©mo«V^A«$©^©S*tr J: <9*6JtJSM*?7 1 Q 

[00 1 03 011 (b) (r^1-J:-5tr, h'J-7'-n">x 
;Hijfi-ctt, y'fxraiSac**! OOM (i o^) Hzfel 

«:-6 0 (dB) aTCiilifi-r?»c:i:*«-ct?>« ^-h' 
G (10®) Hz^mJiit. 5!f-K'J V^^5 5 2*« 



[00 113 010 (c) »4, SO lSjR%fflVAfc»i& 
'fei^'r. S O I mmt fi, Sft<k»5 1 6 S:gU^^?±B, 
TB (5 14) iri|£*#)S=S:ifAfc3£«-e&?.o SOI 

#*«:««5 74%«^■en'>x;^jB5 24, 6 6 45: 

J^fiSL, ^E:n-?n©'>x;l'F^C7*S?^';HaK6 3 4i;T 
:^ni/|5]gS5 4 4 SrJ^jSR UTVn?.. 
[00 123 01 1 (c) SO iSKiS: 

4^^©^ -( X©ilAS;Kf<J'S&*i*:*:r< 5t«o 
[001 33 01 0 (b) ir^-r h ';7';k'>x.>i'«fJBC 
7:^-0 -5^13155 4 2^x0^ X34eAfi6fS*i«'** 
a-^, f'i'^'-'HillSS 3 2©«3&»e.n'>x/l/5 2 2©ig 
M»«ra-5T:jiA1-«*)©i:x •rS^^'-'HilteS 3 2©T 

m<D^^^^m& 1 2«:ia-pT:7:*-o^'isii5J-5§i-r4<» 
©4«fes*<, :i{f-Ky Vi/5 5 2tt. mn^^mmy^ 

>CC*fLT»S;V>KVNj:tfJ»*'fe55-ri>©©, TB©* 
5 I 2*Jto•C}Sl^S/-<X^;:Ji^UT(±SRV^J: 
tfS&^tiJ&ifJW^TJ^av^. ;:nn*fbs 010. (c) 
ca?rso iai««ii&-ett, n'>x;i'5 2 4©TJff*<s 

i 02B5 1 6-CJb?.fcfe, T/fftifiCtt^y-fXtiCii 
J:t?T, 7:>-ni/llM5 4 4-^©^)!J:^ 

-f x©)iAlSKii, •>x^'t'©«®B!fe«:*riPicftita 

t,©"^*SfcJ?>- :!!r- K«; >'^^5 5 4CJ:SRVNjitf» 
Sa^iai'fc i^JrS t)© t#it €>H«>, 
[00 143 

^^m^i^msmi&Tkt . soia«t*'-K';>^^^© 

^rg]|s^«F)iiA%«; tS&*tecHJh-r « t© &ii 
TV^5, t3&»U SO IS^g%^V^««•&•Ct^. J:D?5 

ygjS&©y -f X^xJi^L-c«I*»^r7:^a^^IsI^S'^.©/'-f . 

[0 0 1 53 ^©— 36r-C, SOI *StoV^Ttt, -«! 

o'^ieim-^^^mitfSBi e©i»ej»s!KA«isvNfc*> » 

f^4"©3R-f-c»*'r*!fe%«»3(sfe< 3aid«l-c: tJ&^Ut/j: 

tti«^i»3ec<c* r ^:«©^£ffi±©last^gls^n-cv^ 

[00 1 63 

[»B4«ifcr%fc«>©#B!:3 ±6EK®=S:«I 

^^>ft:«iacML„ 7'S^^';^lsl^SA»6 7:^a:?'S^S'^© 
y-<X©3iA%J:OS6*Wfe::liaihU-5««ffc«eSO I* ' 
«*fflv^fc«)fi. Rl/SOl3S«K:f^@ta«#ljfe. S 
?>C^ne>©SSiit*»*»«1-5 r «: i65i:-r 
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[0 0 17] *^Wcr)iji«f*:SK<!t)^l®#i!tt» "r'y 
0 0 0fgfI3l±©tfci!i«;S:*-r*wi: 

[0 0 18] ±is#«»#^eoiii®#»ii<fcn«, 

[0 0 1 91 *ftW«)^*S?B©02<?>«a», 

RU'^23|E«l!®^2'>x;i/i:, 0 1 x ;i'rt©«®lff 
CJ^fifeSnfcxi^^'^i'tElISi:, ^2'>x>»wrt©*®HK: 
?^5tSnfcT:*^a^lHl8St, f» S?4'/l'!ill5i;*2 x^W 
fc<DlW®^ SSl''>xA'<!>rt«i«i«, t,U<f*^l^xA' 
fc S 2 X i: ©ra o*®JB txj^jsfc S n ^- 
K'J vi''$:*t, iS— KV yj/tOiSfiSt^l >>x;w©;S 

[0 0 2 0] ±e##(tse®^2®#m»iJ;na. s 

tt*2:i:C<c6**^ so ia£««:fflv%fc«^», 
x/i'i:®2'>x;voTffl*««iilteJw'tS®'r> xS'^'/v 
llK-e56^-r<b>'-^X». ^--t^xyvoTW^ra-^-CTf- 

Sft^ftucpfiihr a r i: 4. 

[002 1] 

[0022] (.f^i0^m<omm> ^i<^mm(Dmm^ 

[0 0 2 3] c:®<f#a>;j;n«, 
^riiiv^fc^^), »i'>x;i'f^cj^fi?snfcf*5?^'>@B'e 
#i^*r * y -f Xtt, n 1 f x^kSHcSsitf^tilt^f*** 



A*iaifcT?t^s. 

[0 0 2 4] MCZ^, CZte, FZj* 

®|«ft*51 X 1 0 1 t oms/cm^mT-e^ot 
[0 0 2 5] »1 '>x/V't02'J^xA'i:©W[lB (w) 

ii>«t<i:<»o. 5</mI^^±«tnTv^x:<)<^;v^o 
•>x;tt:02'>x ;HWoMfH©m«ic:jE: W> x 
©»^3&»«:^U, T:?-n:J^ElK'^®y-<X®3iA«rJ:'? 
S»*fl9CiaihTtS*^ x;HHJE«l*<0. 
mW±»rS:Htf, 5CitAiaJta*«:<*6^:i: 

[0 0 2 6] ±K<I#«*=tr4^»flt«fiK:i3VN 
»2'f x;i'rt©3SlBJBcmi#«ffl®»3>i»x;u=S: 
T:^^^|llS$ri^3•>x;^rtCJ^J5^bTt)J:V^. 

[0 0 2 7] ro«^t±, 4 /-f 

XJiAIBih5»«caiAr, SP2'>x^i'i:«3'>x;H«0 
P NS?^ffiStC XJiAPfiJtSft**** - 

[0 0 2 8] mr, $ei®sgit©j^in-*»*^«>^**^ 

[0 0 2 9] 01 (a) s 01 (b) tt, »l®^iS® 
Jgfigir a X ^' ^HaKi: T a ^'HgSSIR^^ftS 

5?-rJ:-5C, pffloSEffittaSffil 04•®7^i>^'-'^ElKJ^ 
fil?^i5Ek:n't7x;l'2 O, T:^a^''|i|gSJJ^]tS1gj^Cn'>x 

;v'4 0 «:^n-^n3fis:cj^jsKL''^v'>«. ri-^-i^m^j^ 

.ji?««rc»i; n'> x;U4 0Wti3&trp'>x/i^5 0.%?^ 
riEL, rop •> i;i'rttrT-^o^''i5iK6 o*J^jBKUtV'> 
5. — ?^f'J'^';HHlgS3l^jffi««E-C{±, n'>x;w20rtK: 
f 2?15';^BK3 0 43^iS!tU^:V^^>. ^iHlMltt, MOSh 

[0 0 3 0] J&iii, ^-J^x^w^^-f Xti, ^J^«n'i'x 
;W2 0*5J:t/n'J'x;l'4 0®WSi6'iK;l- 5 f/m-e* 
jfcn-J'x^E Oi:n'>x/w4 0ia©EI!fiw*«m 

[003 1] Kffi^SIR 1 0 l±, •WJitap x/l/S 0** 
0. 26Q'cm, n';'x;V'2 0i:n'>x/W4 0**0. 
0 6 5 0- cm-C*S«-frv cnB®"? x/U© 1000 
<gfia±©tfcffifit, Sf * L < fip x;!/© 1 0 0 Of&i^tJ: 
©ttffi^%^«FO^|;ffi^S)R■C2b5^:i:*^»*bV^o m 

UT»±iK;8. 1 X 1 0 * ''^ a t oms/cm^UTC^a 
[0 0 3 2] ^m^t frS«4'ti'&^Sn?.K*«, 



COO 3 33 ±3*-r6J:-5)ic, H«Flli«**«ffi«ffOi!S 
tEt4^ CZm (CzochralsklS) , FZik (Floating zo 

i:ii;-^i©S«f©B»*««*W«|-r?.MCZj* (Magnet 
ic field applied CZm *fflV^Tf^^^1-SCl 

lslBS'^«)jiA4MJ«l UXV^fe<!)^r3^ U - <© J: -5 Cffijfi 
tt;l6«l O^ffifflf^SaH n'>i;i'20i:n'>x^V40 
®iaUrASip#*«ffil 0^©tjO©»KC<}:oTtT 

CO 0 3 53 HZ (a) fi, Sll 05llfe®}^l8C56*'*** 

U-^;l'SrS'^i ->3 v(r $fe*<Z)#tiS<D t> 

COO 3 63 J;^ t> y-f X«K»tl GHz 

trasfbxtt, 3iA/'^>^'©^SM^a^«»*e.n<c^^^© 

COO3 73 02 (b) »i, x2^^'i«'@K?^^^«EOn 
.^jlJVZ 0 i:T:M3j5'lilS»^S)c«««>n'>xA'4 0i:® 
ElBlwi:f*S?^';HiI(S**6»T:>-a^>'ig|g-N©iiA>' -f X 

Tfjb*. W'>x/nillolE«lw*«lS*«^»e^ 

> 'f X©JiAIBlh«)**^S* 1 0 0 

J;*tTi:jtA/''f XU-^-'V'Jfe-l 0 0dBUtT®ai?& 
coo 3 83 i:r?>-C, -i«:W55tiSi«aS7:^a:Jf|ilBSC 

coo 3 93 »i 0seifi©J^Jfic^^*»»w:3S 

fit® ^&^b=fi: IfliW-r S r i: A« sriBtc * . 
C00 403 B3e, 1 ^/mfiOA lillS«@''"«^'->'* 



cm®*a!«*S««:filffltfct)®Ctkl!l5L. iPl^Uffi 
©J^IBC*g-5H:JS*%fit 1 0 0 0 n c m®*^»#:K«*:fil 

C004 13 c:®J:-^(3, lll®^Ms®}^ltSI^«SS;l& 

-f XojiA«;ttl*J-r5fc*»l?Jtc<, 7i-oi^Si^'¥<0'< 
C00423 i:w«)-e, KK:KWLfcJ:dt^ r©J:-5 

teat), 04 (a) ♦raS-rJ:-5C, "^x^M 3©Slf tfy 
©|fe«;i5iAl~A3a«^K, :^ y f C « I 

So 

COO433 ^-X, 04 (b) *r^t-J:-7ti, »*t 

jS14Bi:t. -€r©rtffliCi5Ja^«liEl 4AS:*r5i|i 
#f^^7x/M 4fe(^ffl-r$. BP'S., 5Kt*l^>«CJ: D© 
BffftD&P^ h l/X*5*>3&^S«tt©*©m*ift««:±lfC'> 
x/M 40««M!S««:±tf*. r ^^rSS fcC* 0. 
JiJfef 5 ia5}StalStE©«B'f =fe*fti# L-fc * * > X <; y X^ 

Bli> Sffi^fffi4g|*»& lmmteJ*l±eK©««fcTntf 
J:V>. e«^«ttE1.4B©»*.««B. 4l>«c< b.. 

t, 1 X 1 0 ^ ® a t oms/cm^ Ulifcf 5 r fc*^ 
ja*LV%. ci©J:d<»:i83ffJ6«©i8«», «^tfB6«-f 

* V4a6«^l(RSP©*»:«»?«H:^ ^ * vftA-r * r k K 
J: T«^C#* ;i i: S, 

C00443 ©Hffi® J^^) m 2 ©^Jg©J^ffilr 

m^i^mi^^mt. m i ©5iaE©j^sc^^5«j£ti u< 

CO 0 4 53 iS- h''} >-f^it^ 01 ®l?*S©?^®t«?> 

«i»x;v®ra-efe'5-C, HI '>x;i'©(^<W«J««»U<B«F 

1 •> x ^ 2 'i? X ^^©lafzj^filcSn-So 

[0 0 4 63 ;i®«|jt-e«, jgi •i7x;p*»e>SifSiiT;'iT 
Bi©3£tE&^t"C^2 •> x^i'rtOT^J-ai'lalfSCjlA-r 

* / -< X J; 9 1 ■> X /i'A»fe02 X ;wa^ifeiK:jgn 
$y-fX®^A«^^iiiA^-YXk:fj:SfeJt), :i®jtAIS 

K:!RVN±lf5>n, 7:J-o^'|HiBS'v©3iA/''f X%Plih-e 

[00473 if-b^V-y^ma^tmi -tf 



COO 4 8] *fc. SO I^6««3iHfeV^T, »Vn^- 
K y y ^'tt«*ft9'C* Sl l 'I' X ;w i: Iff 2 X ;v<?)T 

>f X® Ji A =fe * 5> »i Plitf * w T ^ * o 

C0050] 05 (a) -05 (c) ti, ^2C!)^JS<D 
to 0 5 n »2®^i6<)!>milK*»*»«***««»' 

*sv^■C, n 2 Ott»<Df*5^^'/H3K 3 0 T-?r 
bi/|lK6 0'xo>'^X©JiAfelS&S^J:-5fc» ^« 

[0 0 5 2] «e*«)?!f-Ky V^'i:ftJt2>Al±, F 
feofcfcfc, V-:^/'Kl"< ViiiggfifOO. 2</mS 

C0 0 5 4]E16», ;tf-Ky>'!/7 0<Z)j£lfl5A»e>n^^ 

xA'2 0©<g»*T©K««rtfcU r«)ie«tti*-r 

yjc 9 ^Jt)fc^>«) "Cafe's- «ei©^ife®J^fiSl-***''?'^ 

1. 2«m*ifii:-rs;ifc-rjiA/'fX©<Et««!f**'5i 
KTtSo 4*lwiefiit SrO. 8 /!/mUTi:-r 
JiA/-fX«:-l 00dBJ;0/jNS<-Ct*wi:**t)** 

CO 0 5 53 05 (d) tt, SO llS««t5fii-PI»<f^ 



Co 0 5 6] Biefcfi, -^j^-ii-T, soi&mm^vi^ 

mi3:if~ K V Vi/'SrSattfc^'^^iiA/ X<?) W'^^Ut 
iKtTV^-5. 05 (d) K:i3V>-C, ^-KV^^^TOtD 
figJittt, N'J»x/l'B2 0<D/&aifc'!J:*l6ilSWl 0A« 

C 0 0 5 7 3 J4«:<c®^li, S O I S« 

K 9 y bn^v^m'^mtmik. if- k >; v^^c 

J: * y 'f X0«t\r^±^f *».fc 0 «>«»K:«|it- « i i: 4: & 
[0 0 5 8] w©J;7tw, il5Ja^«ffi«:fflV^fc«-^t>S 
S C fc -CT"*- o i/|BiSE'N©>' XcDitAfe^^C^Scet^-C 

^ xt'^^&TJs:v^^eBax♦T'5? 5^ /miK** e>i64rs 

X%SI<itS::fc:*«-et**>€»t?Sfe«.o S6*<D#-Kyy 
^®«S*tO. 2 «m@«-e*>aot'MU, mtf. SI 
2 J^IISl^*^**'2>7!f- Ky 0^»<DmSit 

[00593 ^J:i3,^ J5f-: ^.^T V 0 ©fktttt, BI 5 
(b) C^rJ;-5>:::, n't7x;V2 0®[*HBIi:»*l!Se>-r, 
05 (c) K:^-rJ:-5t3, n'?x;l'2 o<5>«a«*^&— 

J^«««©ri'>x4'4 0k:«5Uft:ttn«v n'>x;l/20 

[0 0 6 03 07»*, ^1, i^2 6t)^iS«)?^lllC*^*^S 
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